Factors associated with Vancomycin-resistant Enterococcus acquisition during a large outbreak  by Fossi Djembi, Larissa et al.
JJ
F
V
a
L
S
N
C
I
a
L
b
F
R
F
h
1ARTICLE IN PRESSIPH-576; No. of Pages 6
ournal of Infection and Public Health (2016) xxx, xxx—xxx
actors  associated  with
ancomycin-resistant  Enterococcus
cquisition  during  a large  outbreak
arissa  Fossi  Djembia,  Elisabeth  Hodilleb,
abine  Chomat-Jaboulaya,  Stéphanie  Coudraisa,
athalie  De  Santisa,  Sophie  Gardesa,
atherine  Cécile  Maurannea,  Nicole  Moureya,
sabelle  Fredenuccib,  Raphaële  Girarda,∗
Epidemiology  and  Hygiene  Unit,  Centre  Hospitalier  Lyon  Sud,  Hospices  Civils  de
yon, France
Bacteriology  Laboratory,  Centre  Hospitalier  Lyon  Sud,  Hospices  Civils  de  Lyon,
rance
eceived  16  November  2015;  received  in  revised  form  21  March  2016;  accepted  2  April  2016
KEYWORDS
Vancomycin-resistant
Enterococcus;
Outbreak;
Colonization;
Emerging  pathogen
Summary  Between  2013  and  2014  a  Vancomycin-resistant  Enterococci  (VRE)  out-
break  occurred  in  a  teaching  hospital  in  France.  The  outbreak  was  signiﬁcant  possibly
due  to  the  lack  of  implementation  of  recommended  control  measures.  The  aim  of
this  study  was  to  identify  the  effect  of  the  lack  of  adherence  to  control  measures
for  prevention  of  VRE  acquisition  in  contact  patients  taking  into  account  individual
risk  factors.
Contact  patients  (ﬁrst  two  months  of  the  outbreak)  with  VRE  acquisition  were
compared  to  patients  without  VRE  acquisition  (univariate  and  logistic  regression),  in
terms  of  institutional  characteristics  (unit  of  hospitalization  and  isolation  measures)
and  risk  factors.
Between  December  2013  and  February  2014,  282  contact  patients  were  included
in  the  study.  The  prevalence  of  VRE  acquisition  was  6.4%  (18/282).  Signiﬁcant  risk
factors  for  VRE  acquisition  according  to  logistic  regression  analysis  were;  lack  ofPlease  cite  this  article  in  press  as:  Fossi  Djembi  L,  et  al.  Factors  associated  with  Vancomycin-resistant  Enterococcus
acquisition  during  a  large  outbreak.  J  Infect  Public  Health  (2016),  http://dx.doi.org/10.1016/j.jiph.2016.04.010
isolation,  hospitalization  in  the  same  hospital  unit  as  a  VRE  carrier  patient  and
lack  of  isolation  (RR  =  856.8,  p  =  0.001),  hospitalization  in  a  speciﬁc  unit  (RR  =  927.4,
p  =  0.002),  McCabe  score  equal  to  2  (RR  =  5233.6,  p  =  0.008),  age  (RR  =  1.2  by  year,
p  =  0.011),  hemodialysis  (RR  =  36.1,  p  =  0.011),  central  venous  catheter  (RR  =  25.4,
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p  =  0.021)  and  surgery  (RR  =  0.012,  p  =  0.007).  Antibiotic  use  was  a  signiﬁcant  risk  factor
 univariate  analysis  (p  <  10−3).
 the  factors  focused  on  by  the  study  (lack  of  isolation  and  ded-
cant  effect  on  VRE  acquisition  as  patient  associated  factors.
nce  of  observance  of  the  guidelines.
dulaziz  University  for  Health  Sciences.  Published  by  Elsevier
ed.
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37 other  patients  before  the  creation  of  a dedi-
cated unit.  The  dedicated  unit  was  opened  in  Mayfor  VRE  acquisition  using
The  ﬁndings  conﬁrm  that
icated  unit)  had  a  signiﬁ
It  highlights  the  importa
©  2016  King  Saud  Bin  Ab
Limited.  All  rights  reserv
Introduction
Vancomycin-resistant  Enterococci  (VRE)  are  an
emergent  problem  in  health  care  systems.  From
2003  to  2011,  888  outbreaks  affecting  2078  patients
were identiﬁed  in  French  hospitals.  The  major
species was  Enterococcus  faecium.  Of  the  affected
population,  77%  of  patients  were  colonized,  and
23% were  infected  (www.invs.sante.fr/content/
download/35767/173718/version/1/ﬁle/Bilan±
ERG 2011.pdf).
Because  VRE  are  a  cause  of  morbidity,  guidelines
have been  developed  [1].  Studies  have  been  con-
ducted  concerning  the  main  identiﬁed  risk  factors
[2—5]  and  each  country  has  developed  and  deﬁned
local guidelines  [6]. These  guidelines  focus  on  the
identiﬁcation  of  each  VRE  positive  patient  and
implementation  of  isolation  procedures  for  them.
A major  recommendation  concerns  the  cohorting  of
VRE positive  patients  into  speciﬁc  units.
A VRE  outbreak  occurred  in  a  hospital  group  in
Lyon, France  from  December  2013  to  September
2014. During  this  outbreak,  implementation  of  the
measures  recommended  by  the  existing  guidelines
was delayed.  The  two  main  difﬁculties  encoun-
tered by  the  infection  control  team  were  obtaining
compliance with  isolation  precautions  from  con-
tact patients  and  obtaining  a  dedicated  unit  for  the
cohorting of  positive  patients.  The  consequences
of these  difﬁculties  were  a  signiﬁcant  development
and prolongation  of  the  outbreak.  After  the  out-
break,  a  retrospective  study  was  organized  with  the
aim of  determining  whether  the  most  signiﬁcant
factor in  the  large  number  of  VRE  acquisitions  was
the clinical  patients’  characteristics  (as  previously
demonstrated in  literature)  or  poor  compliance
with existing  guidelines.  The  results  of  this  study
were required  to  educate  hospital  personnel  and
promote  adherence  to  the  prevention  policy  among
managers.
ObjectivePlease  cite  this  article  in  press  as:  Fossi  Djembi  L,  et  al.  Fact
acquisition  during  a  large  outbreak.  J Infect  Public  Health  (
The  objective  of  the  study  was  to  describe  and
identify the  signiﬁcant  factors  associated  with  VRE
acquisition  in  contact  patients  followed  during  the
2
q
wrst  two  months  of  the  outbreak.  The  factors
aken into  account  were  patient  associated  factors,
herapeutic  associated  factors  and  the  degree  of
bservance  of  precaution  measures.  The  aim  is  to
se the  results  of  the  study  to  strengthen  preven-
ative measures  in  the  future.
ethods
escription of  outbreak
he  South  Hospital  Group  had  been  affected  by
he occurrence  of  a Vancomycin-resistant  Entero-
occus  outbreak  of  type  Enteroccocus  faecium
ene van  A  through  an  index  patient  identiﬁed  as
 Vancomycin-resistant  Enterococcus  carrier.  The
utbreak  started  in  December  2013  with  a total  of
ore than  500  contact  patients  followed  and  20  VRE
arriers. The  last  VRE  acquisition  was  observed  in
uly 2014.
In an  attempt  to  control  the  possible  outbreak
n December  2013,  in  accordance  with  existing
uidelines, the  infection  control  team  prescribed
peciﬁc isolation  measures,  screening  of  rectal
wabs  from  contact  patients,  and  the  regroup-
ng of  infected  patients  (cohort  strategy).  These
easures  required  bed  closures  and  the  hiring  of
upplemental  staff.  However,  because  a  large  part
f these  measures  were  poorly  implemented,  the
utbreak  was  not  stopped  and  new  cases  and  con-
act patients  continued  to  be  identiﬁed.  The  main
reas of  non-compliance  with  the  prescribed  meas-
res were  a  lack  of  identiﬁcation,  following  and
solation  of  contact  patients,  and  a lack  of  com-
unication  between  services  concerning  positive
atients  and  contact  patients.  Positive  patients
ere maintained  in  different  hospital  units.  During
his period,  three  positive  patients  were  grouped
n a  geriatric  rehabilitation  unit  together  withors  associated  with  Vancomycin-resistant  Enterococcus
2016),  http://dx.doi.org/10.1016/j.jiph.2016.04.010
014, and  all  of  the  positive  patients  were  subse-
uently regrouped  there.  Only  two  new  acquisitions
ere observed  after  May.  These  cases  concerned
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actors  associated  with  Vancomycin-resistant  Enter
ontact  patients  not  previously  followed  and  iden-
iﬁed during  re-hospitalizations.
tudy design
 comparison  between  contact  patients  experienc-
ng VRE  acquisition  during  the  study  period,  and
ontact  patients  without  VRE  acquisition  was  con-
ucted to  determine  signiﬁcant  risk  factors  for
RE acquisition.  Data  collected  during  the  active
urveillance  of  the  outbreak  was  collected  by
esearching  clinical  data  contained  in  patients’
les. In  accordance  with  French  regulations,  no
peciﬁc  authorization  was  needed  from  the  ethics
ommittee,  but  all  data  were  included  without
ominal data.
etting and population
he  multidisciplinary  South  Hospital  Group  of
‘Hospices  Civils  de  Lyon’’  includes  two  hospitals,
ith a  total  of  1200  beds.  Activities  include  mater-
ity, emergency,  surgical  and  medical  units,  critical
are and  rehabilitation.
The population  studied  was  contact  patients
dentiﬁed during  the  ﬁrst  two  months  of  the  out-
reak,  from  December  2013  to  15th  of  February
014. Patients  excluded  from  this  study  were  those
ho were  not  screened,  patients  screened  outside
he hospital,  secondary  contact  patients  of  these
ontact  patients  who  remained  un-colonized  and
ontact  patients  screened  after  15  February  2014.
ariables and  deﬁnitions
he  out-point  was  VRE  acquisition  by  contact
atients during  the  following.
A review  of  published  studies  concerning
RE outbreaks  identiﬁed  the  factors  signiﬁcantly
elated to  VRE  acquisition.  All  identiﬁed  factors
ere included.
Demographic  variables  considered  were;  age,
ender,  entry  date,  specialties  and  hospitalization
nits.
Variables considered  concerning  screening  were
he delay  between  patient  admission  and  ﬁrst
creening, and  the  number  of  screenings  realized
efore the  ﬁrst  positive  screening  or  end  of  study
eriod  (estimator  of  the  duration  of  monitoring
atients).
Patient severity  was  measured  using  the  McCabe
core. The  McCabe  score  was  divided  in  3 cate-Please  cite  this  article  in  press  as:  Fossi  Djembi  L,  et  al.  Fact
acquisition  during  a  large  outbreak.  J  Infect  Public  Health  (
ories: 0  for  non-fatal  disease,  1  for  fatal  diseases
n 5  years,  and  2 for  rapidly  fatal  disease  [7].
athologies  that  were  identiﬁed  were  diabetes
treated with  insulin  or  oral  hypoglycemic),  chronic
c
w
i
p PRESS
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espiratory  pathology  and  ethylism.  Treatments  fol-
owed were  chemotherapy  administration,  antibi-
tics use  and  antibiotics  number,  glycopeptides,
ephalosporin  and  carbapenem  use  and  corticoid
se. Modes  of  care  that  were  followed  were  sur-
ical intervention,  presence  of  digestive  stoma,
resence of  nasogastric  catheter,  presence  of  par-
nteral or  enteral  nutrition,  presence  of  urinary
atheter, presence  of  central  venous  catheter,  and
mplementation  of  hemodialysis.
A VRE  acquisition  was  deﬁned  as  a patient  whose
creening became  positive  for  VRE.  The  index  case
as the  ﬁrst  VRE  positive  patient  during  the  out-
reak. A  contact  patient  was  a patient  who  had
een  taken  care  of  by  the  same  health  care  team  as
 colonized  patient.  Two  contact  types  were  distin-
uished;  major  contact  and  low  contact.  A  major
ontact  was  deﬁned  as  a  patient  hospitalized  in
 unit  at  the  same  time  as  a VRE  carrier  without
solation precautions.  A  low  contact  was  a patient
ospitalized  in  a  unit  at  the  same  time  as  a VRE
arrier but  under  isolation  precautions  [8].
ata collection and analysis
n  Excel  database  was  used  during  the  outbreak  to
ollect the  screening  data.  This  database  was  later
odiﬁed  to  include  additional  data  collected  ret-
ospectively  from  the  patients’  ﬁles.  Analysis  was
erformed  with  IBM  SPSS  software  package  (SPSS)
9.0 for  Windows.
In univariate  analysis,  categorical  variables  were
ompared  using  the  Chi-square  test  and  quantita-
ive  variables  by  the  ANOVA  test,  or Kruskal—Wallis
est if  necessary.  Logistic  regression  analysis  was
sed to  determine  the  independent  risk  factors  for
RE acquisition.  Two  different  models  were  tested
o identify  which  had  a higher  rate  of  prediction
nd a  better  classiﬁcation  of  positive  cases,  namely
 model  including  only  signiﬁcant  factors  in  uni-
ariate analysis  (p  <  0.1),  and  a model  including  all
igniﬁcant  variables  identiﬁed  in  the  literature.  The
nalysis was  realized  in  a conditional  descending
odel. The  signiﬁcant  relation  was  at  p  < 0.05.
esults
he  index  case  (Enteroccocus  faecium  gene  van  A
arrier) was  identiﬁed  on  December  13,  2013  byors  associated  with  Vancomycin-resistant  Enterococcus
2016),  http://dx.doi.org/10.1016/j.jiph.2016.04.010
linical swab  (bile  ﬂowing  through  Kehr  drainage),
hich was  the  starting  point  for  the  follow-
ng of contact  patients.  In  total,  282  contact
atients were  included  during  the  ﬁrst  two  months,
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Table  1  Comparison  of  colonized  and  non-colonized  patients,  Univariate  analysis.
Variable  VRE  colonized  patients
(18)
Non-VRE  colonized  patients
(264)
p  valuea
Median  No.  %  Median  No.  %
Age  (years)  79.4  67.1  0.008
Delay  of  1st  screening  (days)  17.3  16.4  0.896
Screening  number  03.1  03.6  0.418
Different  antibiotics  number  03.4  01.4  0.000
Male  gender  13  72.2  119  45.1  0.023
Major  contact  09  50.0  79  29.9  0.068
McCabe  score  equal  to  2 02  11.1 04 01.5  0.019
Diabetes  07  38.9 68 25.7 0.171
Ethylism  08  44.4 35 13.2 0.002
Chronic  respiratory  pathology  03  16.7  27  10.2  0.297
Geriatric  rehabilitation  unit
hospitalization
11 61.1  34  12.9  0.000
Chemotherapy  01  05.5  48  18.2  0.145
Antibiotics  16  88.9  136  51.5  0.001
Glycopeptides  03  16.7 11 04.2  0.051
Cephalosporins  08  44.4 52 19.7  0.020
Carbapenems  01  05.5 08 03.0  0.453
Corticoids  06  33.3 102  38.6  0.429
Surgery  14  77.8 203  76.9  0.597
Digestive  stoma 02  11.1 23 08.7  0.488
Nasogastric  catheter 04  22.2 21 07.9 0.063
Central  venous  catheter  10  55.5  106  40.1  0.150
Parental  nutrition  06  33.3  73  27.6  0.390
Enteral  nutrition  02  11.1  19  07.2  0.395
Hemodialysis  04  22.2  33  12.5  0.198
Indwelling  Urinary  catheter  12  66.7  117  44.3  0.055
i
o
T
t
M
ta 2 test, or ANOVA test.
including  18  colonized  patients.  The  prevalence  of
VRE acquisition  was  6.4%  (18/282).
Comparison  between  contact  patients  with  and
without  VRE  acquisition  has  shown  a  signiﬁcant
difference concerning  age,  sex,  antibiotics  and
cephalosporin  use,  McCabe  score,  ethylism  and  hos-Please  cite  this  article  in  press  as:  Fossi  Djembi  L,  et  al.  Fact
acquisition  during  a  large  outbreak.  J Infect  Public  Health  (
pitalization  unit  (see  Table  1).
In a  multivariate  analysis  (see  Table  2),  the
retained model  (inclusion  of  all  signiﬁcant  factors
(
c
a
Table  2  Signiﬁcant  risk  factors  associated  with  VRE  acquis
Variables Wald  
Major  contact  11.185  
Geriatric  rehabilitation  unit  hospitalization  9.503  
Surgery  7.256  
McCabe  score  equal  to2  6.990  
Age  6.394  
Hemodialysis  6.524  
Central  venous  catheter  5.335  dentiﬁed  in  the  literature)  correctly  ranked  97.5%
f patients  and  72.2%  of  colonized  patients.
he independent  risk  factors  for  VRE  acquisi-
ion during  this  outbreak  were  age  (p  =  0.011),
cCabe score  equal  to  2  (p  =  0.008),  major  con-
act (p  =  0.001),  stay  in  geriatric  rehabilitation  unitors  associated  with  Vancomycin-resistant  Enterococcus
2016),  http://dx.doi.org/10.1016/j.jiph.2016.04.010
0.002), hemodialysis  (0.011),  and  venous  central
atheter  (0.021).  However,  surgery  was  identiﬁed
s a  protector  factor  (p  =  0.007).
ition.  Multivariate  logistic  regression  analysis.
p  Relative  risk  CI  for  RR,  95%
Minor  Major
0.001  856.845  16.371  44  846.556
0.002  927.369  12.042  71  414.910
0.007  0.012  0.000  0.300
0.008  5233.567  9.162  2  989  591.687
0.011  1.214  1.045  1.410
0.011  36.112  2.303  566.168
0.021  25.421  1.632  395.917
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the ﬁndings  on  risk  factors  previously  demonstratedARTICLE
actors  associated  with  Vancomycin-resistant  Enter
iscussion
his  retrospective  study  concerning  282  contact
atients followed  during  a  large  outbreak  has
onﬁrmed the  relationship  between  clinical  and
herapeutics  factors  previously  demonstrated  and
RE acquisition.  Many  factors  have  been  found
o be  signiﬁcantly  associated  with  VRE  acquisi-
ion in  multivariate  analysis;  including  age,  gravity,
emodialysis  and  central  venous  catheter  usage.
ther factors  have  been  found  to  be  signiﬁcantly
ssociated with  VRE  acquisition  in  univariate  anal-
sis, such  as;  male  gender,  ethylism  and  antibiotics.
 signiﬁcant  effect  of  the  original  factors  included
as been  equally  demonstrated,  such  as  hospital-
zation in  a  speciﬁc  unit  of  the  hospital  and  major
ontact  (lack  of  isolation  measures).  They  were  sig-
iﬁcant factors  in  the  higher  frequencies  of  VRE
cquisition.
In recent  studies,  some  authors  also  found
imilar results  for  clinical  and  therapeutic  data.
egarding  antibiotics,  many  studies  have  focused
n this  theme  such  as  Beltrami  et  al.  [3]  and  McEvoy
t al.  [2],  who  found  a  signiﬁcant  relationship
etween the  number  of  antibiotics  and  VRE  acquisi-
ion.  Shorman  et  al.  [8]  showed  a  signiﬁcant  effect
f the  previous  use  of  antibiotics.  In  this  study,
he risk  factor  taken  into  account  in  multivariate
nalysis was  the  number  of  antibiotics  because  this
actor was  more  signiﬁcant  in  univariate  analysis
han other  antibiotic  use  descriptors.  The  relation-
hip between  cephalosporin  use  and  VRE  acquisition
as signiﬁcant  in  a  study  by  Drews  et  al.  [9],  unlike
he study  by  Worth  et  al.  [10]  who  showed  a  sig-
iﬁcant  relationship  to  carbapenem  use  alone  in
ncologic  units  in  Australia.  These  differences  may
e due  to  the  context  of  specialties  and  diseases,  as
ertain types  of  antibiotics  may  be  differently  used
n oncologic  medicine  and  general  surgery.  Other
uthors  such  Pan  et  al.  [11]  in  Japan  did  not  ﬁnd  a
igniﬁcant  association  between  VRE  acquisition  and
ntibiotic  use.
Regarding  age  and  gender,  a  few  authors  have
tudied these  criteria.  McEvoy  et  al.  [2]  found
 signiﬁcant  relationship  with  age  in  their  mul-
ivariate analysis.  Bhavnani  et  al.  [4]  found  a
imilar relationship  with  more  frequent  VRE  acqui-
ition in  the  age  group  of  41—64  years.  In  Zaas
t al.’s  study  [12]  VRE  acquisition  was  found
o be  signiﬁcantly  correlated  with  the  male
ender. Regarding  severity  score,  few  authors
ave studied  the  McCabe  score.  The  severity
core most  frequently  used  in  studies  was  thePlease  cite  this  article  in  press  as:  Fossi  Djembi  L,  et  al.  Fact
acquisition  during  a  large  outbreak.  J  Infect  Public  Health  (
PACHE II  score,  but  this  score  is  speciﬁc  to
he critical  care  sector  and  not  available  in
ther sectors.  Beltrami  et  al.  [3], Papadimitriou
b
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t  al.  [5]  and  Yoon  et  al.  [13]  demonstrated  a
igniﬁcant  relationship  between  the  APACHE  II  score
nd VRE  acquisition.  Some  factors,  such  as  immune
nd genetic  characteristics  of  the  patient,  have  not
een included  in  this  study  but  may  also  have  a
igniﬁcant  effect  and  should  be  explored  in  future
tudies.
Regarding  the  signiﬁcance  of  the  original  factors
onsidered,  different  points  need  to  be  discussed.
The effect  of  hospitalization  in  a speciﬁc  unit
an be  explained  by  the  fact  that  the  unit  used
as a geriatric  rehabilitation  unit.  Because  no  spe-
iﬁc unit  for  VRE  carriers  was  available  before  May
014, and  because  patient  transfer  to  other  hospi-
als was  limited,  three  VRE  cases  were  hospitalized
n this  unit  (40  beds)  during  the  outbreak.  Isolation
recautions  were  taken  with  these  patients.  The
ncidence  of  frequent  VRE  acquisition  in  the  unit
ay be  an  effect  related  to  more  signiﬁcant  and
onger  exposure  than  in  other  units,  or  to  the  pro-
le of  older  patients  with  multiple  pathologies.  It
hould be  noted  that  specialties  and  hospitalization
nits were  not  studied  in  detail  in  other  studies,
ith the  exception  of  intensive  care  units.  McEvoy
t al.  [2]  and  Suntharam  et  al.  [14]  found  a sig-
iﬁcant  relationship  between  admission  to  the  ICU
nd VRE  acquisition.  This  lesser  interest  in  other
pecialties  can  be  linked  to  different  epidemic
ettings. The  signiﬁcantly  lower  frequency  of  VRE
cquisition  in  the  presence  of  isolation  measures
einforces the  pertinence  of  isolation  precautions
nd it  seems  logical  to  experience  a  higher  rate
f VRE  acquisition  in  major  contact  patients  [1].
he relative  risk  of  major  contact,  comparatively
o minor  contact,  is  one  of  the  higher  established
n the  multivariate  analysis.  However,  this  differ-
nce was  not  studied  precisely  in  other  studies.  This
esult may  be  self-evident,  but  it is  very  useful  to
ave demonstrated  the  effect  of  isolation  measures
o support  the  aim  of  education  of  hospital  personal
bout  prevention  of  VRE  transmission.
This study  had  limitations.  It  was  limited  to
he early  part  of  the  outbreak,  which  can  reduce
he analysis  power  and  create  bias.  Moreover,  the
atients followed  outside  of  the  hospital  or  lost
uring  the  study  could  also  show  differences  not
emonstrated  in  the  study.
onclusions
he  results  of  this  study  show  good  coherence  withors  associated  with  Vancomycin-resistant  Enterococcus
2016),  http://dx.doi.org/10.1016/j.jiph.2016.04.010
y other  studies,  but  the  major  result  brings  a
peciﬁc focus  to  two  original  factors;  the  level  of
ontact  and  hospitalization  in  a speciﬁc  unit.  This
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highlights  the  usefulness  of  a  speciﬁc  unit  quickly
dedicated  to VRE  carriers  and  the  effectiveness  of
immediate  isolation  measures  following  VRE  iden-
tiﬁcation.
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